MASTEFR ?

FILE COPY

BUREAU OF RECLAMATION
HYDRAULIC LABORATORY

UNITED STATES
DEPARTMENT OF THE INTERIOR

HYDRAULIC MODEL STUDIES OF MEDICINE
CREEK DAM SPILLWAY--FRENCHMAN-
CAMBRIDGE UNIT--MISSOURI RIVER

BASIN PROJECT, NEBRASKA

Hydrculic Laboratory Report No. Hyd-279

RESEARCH AND GEOLOGY DIVISION .

BRANCH OF DESIGN AND CONSTRUCTION
DENVER, COLORADO

JULY 6, 1950



CONTENTS

g

Purpose of Study .
Conclusions . .
. Recommendations
Acknowledgment .
Introduction . .
. ~ Description of Prototype Structure
Two Types of Spillway Considered . . .
Investigation of Original Spillway Using Radial Gates
Description of Gate-Controlled Spillway . . « ¢ &
Descrlp‘bion of Spillway MOdel ¢ s 0 & ¢ o6 ¢ & e 9
Inl'blalTestS.ec.o.n.faea«..n.as
Stl]llngBasmStudJ.es cooenn..ooo.c
Flow in Spillway Chute . . +» . & 5 ¢ « ¢ o » &
o Wing Wall A--Vertical Wall, 30~Foot Upstream Ra/ J.US
v" Approach ng Wa]l on Left Slde L R N T c;- .
' Spl]lWayCa.pacl‘bya.-.,,...p......a
Investigation of Uncontrolled Spillway . ¢« « « « « ¢ « &
Description of Uncontrolled“&pillway o o 2
Study of the Right Approach Wing Wall . . .
Wing Wall B~-Vertical Wall, 525-Foot Radius . .
Wing Wall C—Vertical Wall, 45° with Respect to
spillway Aﬁs . L . L] L 4 o ° L] [ 4 . [ 4 L 4 * . ® e L]
Wing Wall D—Vertical Wall, L5° with Respect to
Spillway Axis, 15-Foot Upstream Radius . . .. .
Wing Wall E—Warped SUriace « ¢ « o o c o o o ¢ ¢ o «
Wing Wall F—-Vertical Wall on Elliptical Curve, ,
25-Foot Upstream Hadius .« ¢ o 6o o ¢ 5 o ¢ o o o
Wing Wall G—-Vertical Wall of Circular Ares, 20-Foot -
Upstream Radius . . o « v ¢ ¢ ¢ o ¢ v 0.0 - o o
Wing Wall H—Recommended Design—Vertical Wall of
ercular Arcs, 20~Foot thream Radius o o o -0 @
Flow Conditions in the Approach Channel~--Recommended
Design
Flow Conditions at the Crest—Hecommended Design
Water-Surface Profile Adjacent to Piers
Flow Conditions Below Crest Piers-~Recommended Design
Capacity of Recommended Design

L 3 . - a
e« % o e o
¢ s .o w .
L ¢ a .
L - e e
- *« ® o o
e o * .
- - Y L]
S s & o °
. o o
. - . .
- e o o *
e & & 8

L]
[
L]
[

L] L] L] - L] -
e 8 8 o a s =
e & o e a « ®
e & &8 &8 & s« =
L] - [ ] » - L)

"% & ® @ & & =% s s o & *

- \,

»

4 L3 L] L » L IR 4 L Y L] L ] L ] a L) a L 3 - . L]

4 = @
* s
LI S Y

OCVVBB ® I T N O CUVMMEEFEFWWWDONNDNN




LIST OF FIGURES

Location Map

1:60 Model of Original Design

Stilling Basin Wave Height

Water-Surface Profiles

Spillway—Discharge of 139,000 and 75,000 cfs
Approach Channel--Discharge of 139,000 and 75,000 cfs
Spillway Capacity Curves-Radial Gate Controlled
Final Design—Medicine Creek Dam Spillway
Right Approach Wing Wall Designs

Flow Conditions for Wing Wall C

Flow Conditions for Wing Wall D

Flow Conditions for Wing Wali E

Flow Conditions for Wing Wall F

Flow Conditions for Wing Wall G

Flow Conditions for Wing Wall H

Spillway Crest--Recommended Design
Water-Surface Profiles--Recommended Design
Water-Surface Profile on Piers

Capacity Curves--Recommended Design

Figure
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19




UNITED STATES
DEPARTMENT OF THE INTERICR
BUREAU OF RECLAMATION

Branch of Design and Construction Laboratory Report No. Hyd-279

Research and Geology Division Hydraulic Laboratory

Denver, Colorado Compiled by: J. C, Schuster

July 6, 1950 Reviewed by: J. W, Ball and
: W. C. Case

Subject: Hydraulic model studies of Medicine Creek Dam spililway--
Frenchman-Cambridge Unit--Missouri River Basin Project,
Nebraska.

PURPOSE OF STUDY

The hydraulic model studies discussed in this report were
made to determine the capacity and to investigate the flow conditions
in the approach channel, over the crest, in the chute, and in the still-
ing pool of the Medicine Creek Dam spillway to assure its satisfactory
performance.

CONCLUSIONS

1. The use of a vertical approach wing wall, constructed of cir-
cular arcs with radii varying from 192 feet at the crest to 20 feet at
the upstresm end, on the right-hand side of the approach channel of
the Medicine Creek Dam spillway will provide satisfactory flow condi-
tions in the channel and at the crest for floods up to and including
the design capacity of 98,000 cubic feet per second (Figures 8 and 9H).

2. The best flow conditions at the crest were obtained when a
vertical approach wing wall with its top above the reservoir surface
and having a plan section of an elliptical curve (Figure 9F) was used
upstream on the right-hand side of the spillway. It is bélieved that
the same type of wall would operate equally as well on other structures
where the dam forms one side of the spillway and the approach flow is
scross and parallsl to the face of the dam,

3. Pressures on the crests of the reccommended spillway will be
above atmospheric for gil flows.

RECGMMENDATIONS

1. Use the right approach wing wall designated Design H (Figure
9) which is a vertical wall having a plan section of circular arcs.
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INTRODUCTION

Description of Prototype Structure

Medicine Creek Dam and Reservoir are located approximately 10
miles north of Cambridge, Nebraska, on Medicine Creek (Figure 1). This
reservoir is linked with Enders Reservoir for flood control and irriga-
tion storage. The dam is a compacted earth structure having a length of
4,000 feet, a thickness at the base of approximately 650 feet, and a
height of 102 feet above the stream bed.

The flow from the reservoir is passed over a spillway at the
left abutment of the dam or through an outlet works located approximately
1,600 feet to the right of the spillway and passing through the dam. Nor-
mal discharges of the creek are handled by the outlet works or by a 13-
foot wide normal-flow crest at elevation 2366.1 in the center of the
spillway, while flood discharges are released over a 200~-foot wide flood-
flow crest at elevation 2386.20 (Figure 8). Spillway discharges will
flow into a concrete-lined stilling basin having a constant width of 262
feet and designed for a maximum of 98,000 cfs. Water is supplied to the
outlet works by a tunnel and Lh-inch pipe from the reservoir. A 3-foot
3-inch by 3-foot 3-inch high-pressure slide gate controls the discharge
from the outlet and releases it into the outlet stilling basin. A report
of the hydrsulic studies for the design of the outlet works will be pub-
lished at a later date.

Two Types of Spillway Considered

Two crest designs for controlling the spillway discharge were
studied, one at elevation 2362.2 controlled by four 50~ by 24~foot radial
gates, and the other 24 feet higher and uncontrolled. Both designs con-
tained a 13-foot section of uncontrolled crest at elevation 2366.1 on '
the centcr line of the spillway.

INVESTIGATION OF ORIGINAL SPILIWAY USING RADIAL GATES

Description of Gate~Controlled Spillway

Four float-controlled 50~ by 24~foot radial gates were included
in the original design of Medicine Creek spillway. A maximum discharge
of 139,000 second-feet was to be passed by these gates and the short
length of uncontrolled crest. The gate-controlled flood-flow crest at
elevation 2362.2 had a net length of 200 feet, while the uncontrolled




section 3.9 feet higher at elevation 2366.1, designed to pass the normal
flow of the creek, had a length of 13 feet. All water discharged by the
spillway flows into a 278-foot-wide concrete-~lined rectangular stilling
basin, which discharges 500 second-feet per foot of width at the maximum
flow. Chute blocks, 6 feet 9 inches high by 6 feet wide, were placed at
the upstream end of the stilling basin and a dentated sill 8 feet high
was used at the downstream end. The training walls of the stilling basin
were designed with a height of 55 feet to provide 8 feet of freeboard
above the normal tail water elevation for the maximum design discharge.

Desceription of Spiliway Model

The hydraulic model of the gate-controlled spillway (Figure 2)
was built to a scale of 1:60. The model consisted of a portion of the
reservoir, the upstream approach channel, all of the spillway, including
the stilling basin, and a section of the channel downstream. Topography
upstream of the spillway was constructed of concrete and the topography
downstream was formed in sand. The spillway crest, chute, and stilling
basin apron were formed of concrete using metal templates as guides.

The radial gates of the original design were made of metal and the piers
of wood. Water for the model was supplied by a 12-inch centrifugal pump
and measured by Venturi meters. The flow approaching the crest was uni-
formly distributed by discharging the water behind and passing it through
a rock baffle. Point gages, with vernier graduations to thousandths of
a foot, were used to measure reservoir and tail water elevations. Pie-
zometers were located in both the flood-flow and normal-flow crest sec-
tions for determining water pressures during operation.

Initial Tests

When the model of this design was placed in operation, a dis-
turbance caused by the right approach wing wall resulted in an unequal
flow distribution at the crest. Also wave action in the stilling basin
showed evidence of overtopping the training walls. The original approach
wing wall for the right side of the spillway was studied only qualita-
tively by observing its effect upon the flow of the approach channel.

In determining the effectiveness of the stilling basin the location and
appearance of the hydraulic jump and the water surface profile with re-
spect to the training walls were studied.

There was danger that the waves in the s tilling pool would top
the training walls and remove the backfill. However, some economy would
be realized if the height of stilling basin training walls could be re-
duced and tests were conducted to see if this could be done. Observa-~
tions and measurements of the waves were made by painting the walls with
a paint which retained evidence of being wetted and by the use of a point
gage. The wzited surface of the training walls, as shown in Figure 3,
was photographed after 1 minute's operation. After 10 minutes' operation
the walls were completely wetted throughout the full lerigth of the stilling
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_ basin, Some water splashed to the top of the wall in the downstream
B end of the basin but in such small quantities as not to endanger the
e fill behind the wall. The results of this study (Figure-4A and B)

showed that the wall was of sufficient height but could not be lowered.

No erosion tests were made concerning the downstream channel
. because the design called for riprap below the stilling basin and opera-
tion of the stilling basin was satisfactory. To determine how a lower-
ing of the tail water by retrogression of the downstream channel would
. affect the stilling basin action, a test was made with the tail water
lowcred various amounts. This test showed that the jump moved to the
center of the bagin with a tail water depth 13.2 feet below the maxi-
mun (elevation 2332.0) for a discharge of 139,000 cubic feet per second.

Flow in Spillway Chute

ke Water-surface profiles for both the left and right side of
R the spillway are shown in Figures 44 and B. The difference in the pro-
b files for the sections upstream of the crest was the result of the
surface depression in the eddy area at the upstream end of the wing
wall on the right side. After the water passes the crest, the depth
along the training wall is approximately the same for both sides. In
Figure 4C the maximum steady water-surface profile taken transversely
across the spillway at the downstream end of the piers is shown. The
flow of water from the crest to the stilling basin was uniformly dis-
tributed across the spillway chute with the exception of the large
fins downstream from the piers caused by the impingement of the flow
o from adjacent crest sections. The flow pattern in the spillway chute
;e was essentially the same for both 139,000 and 75,000 second-feet

e (Figure 5). :

Wing Wall A—Vertical Wall, 30-Foot Upstream Radius

Water flowing parallel %o the dam and at right angles to the

’ spillwa;” center line, resulted in an area of eddying and a surface de-~
pression along the right approach wing wall (Design A, Figure 9A). At
the maximum discharge of 139,000 second-feet, the disturbance affected
the flow on the right side for approximately one~fourth the width of
the approach channel (Figure 6). Even at a flow of 75,000 second-fest,
the surface depression was appreciable as shown in Figure 6B and this
was considered objectionable.

Approach Wing Wall on Left Side

The approach wing wall on the left side of the spillway crest
was entirely satisfactory.

Spillway Capacity

Discharge curves were obtained for both crests operating si-
multaneously and for the normal-flow crest alone as shown in Figure 7.




These curves are for the spillway with right approach Wing Wall A
(Figure §). The capacity for the normal-flow crest with the reservoir
at elevation 2386.2 was 3,960 cfs and for the total crest with reservoir
elevation 2394.8, 139,000 cfs.

INVESTIGATION OF UNCONTROLLED SPTILLWAY

Descri"g tion of Uncontrolled Spillway

Medicine Creek Dam spillway was first designed to control the
flood flow through the reservoir by radial gates. The design of the
spillway crest was later changed by the designers to eliminate the ra-
dial gates. In this design, the flood-flow and normal~flow crests were
expacted to discharge a maximum flood of 98,000 second-feet. The 200-
foot long crest at elevation 2386.2 was 24 feet higher than the original
design or at the same elevation as the top of the fully closed radial
gates in the previous design. The 13-foot crest section was maintained
at elevation 2366.1.

No tests were planned for the chute and stilling bas:.n in the
uncontrclled crest design (Figure 8) for the changes from the original
design were of a nature that would aid in the stilling action. The orig-
inal stilling basin design discharged 500 cubic feet per second per foot
of width while the design with the uncontrolled crest discharged 373
cubic feet per second per foot. The width of the basin was cha.ngzﬂd from
278 feet to 262 feet, while the length of the basin was left at 155 feet.
Chute and sill blocks were kept the same dimensionally with the excep-
tion of the end blocks and the number of blocks. The original design
contained twenty-one é6-foot-wide blocks with one 8-foot-wide block at
each training wall, while the uncontrolled crest design contained twenty
6-foot blocks with one 7-foot-wide block at each training wall. The
floor of the basin was raised from elevation 2285 to 2287. The top of
the training wall was lowered from elevation 2340 to elevation 2334 giv-
ing a stilling basin depth of 47 feet compared to 55 feet for the origi-
nal design. The maximum tail water elevation for a discharge of 98,000
cubic feet per second was 2328, which allowed a 6~-foot freeboard.

Study of the Right Approach Wing Wall

When the 1:60 model of the uncontrolled spillway crest was
placed in operation, the right approach wing wall indicated the need of
further study. The approach channel flow on the right side wus dis-
turbed by the conditions at the right wing wall and the disturbance car-
ried across the crest into the spillway ch.te.

There was no apparent improvement in the approach flow condi-
tions at the right side, although the approach channel was increased in
depth by 24 feet from the original design and the maximum discharge was
decreased from 139,000 cubic feet per second to 98,000 cubic feet per
second. The position of the spillway with respect to the dam was the
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same in both designs, this, part of the water from the reservoir side
still flowed at right angles to the spillway center line with the same
relatively shallow depth at the end of the wing wall. The use of a
wall that extended farther upstream into the reservoir where velocities
were lower was prevented by the excessive depth to proper foundation ma~

terial and the cost of the structure.

Seven additlonal designs of the right approach wing wall were
studied.

Wing Wall B--Vertical Wall—.525=Foot Radius

A vertical: wall constructed on a radius of 525 feet was ex=-
tended about 170 feet upstream into the reservoir, Design B, Figure 9B. The
top of the wall was horizontal at elevation 2410 for 60 feet upstream and
then sloped to elevation 2355 for the remaining 110 feet, both measurements

being perpendicular to the upstream face of the crest.

The flow disturbance caused by this wall covered approximately one-
half the width of the apprcach chamnel. Within this reglon of disturbance,
there was an upstream velocity along the channel side of the wall and an
eddy near the upstream end of the wall.: This design was abandoned for three
reasons: (1) nonuniform change in velocity along the wing wall, (2) possible
erosion of the channel, and (3) objectionable turbulence of the water sur-

face on the right side of the approach channel.

During the study of Wing Wall Design B, it was found that the
elevation of the approach channel could be increased by 5 feet. This change
raised the approach channel floor elevation from 2355 to 2360, resulting in
no apparent difference in the approach flow conditions or in the capacity

of the spillway.
Viing Wall C—~Vertichl Wall, 45° with Respect to Spillway Axis

The appearance of the flow around and past Wing Wall B pointed out
that the change in direction of flow at the upstream end of the right wall

was still too abrupt.

To give a more uniform change in the velocity of the water approach-
ing the spillway crest, Wing Wall C, Figure 9C was constructed. The wall
was vertical. It started at the crest on a 45° arc of 60-foot radius and
continued upstream for approximately 120 feet on a tangent to the arc and at
an angle of 45 with the axis of the crest. The top of the wall was horizon
tal at elevation 2410 except for the last 50 feet which was sloped to elevation
2395. The surface depression occurred at the upstream end of the wall as shown
in Figure 10.- In addition, there was a flow disturbance where tie water passed
over thie sloped upstream end of the wall. An eddy formed near the upstream
end of the wall and extended out into the approach channel., This design did
not appear satisfactory although it proved to be slightly better than A or B
at lower discharges. The change in velocity in the approach channel still

was not uniforme.
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Wing Wall D-—Vert.ical Wall, 550 with Respect to Spillway Axis, 15-Foot
Uggtream Radius

Wing Wall D, Figure 9D, was constructed at the sams angle with
respect to the upstream face of the spillway as C, but a 135°, 1l5~foot-
radius curve was added to the upstream end. The a.ct:i.on of ‘the water
around this wall is shown in Figure 11, Some of the disturbance at the
upstream end was eliminated, but a turbulent condition existed along the
straight portion of the wall. This design was abandoned when it was
found that it extended 15 feet too far upstream where the depth to satis-
factory foundation material was excessive.

Wing Wall E--Warped Surface

Wing Wall B, Figure 9B, was then proposed. It was a warped
surface extending from vertical at the crest on a 50-foot radius curve
to the 2-1/2:1 slope at the upstream face of the dam. In the field
this wing wall would be constructed with a vertical retaining section
on the channel side and the curved surface which extended to the face
of the dam would be covered with hand-placed riprap. The approach was
considered entirely unsatisfactory except at low discharges because .of
excessive turbulence which extended from the beginning of the 50-foot
radius around the wall to the crest. As shown in Figure 12, the tur-
bulence carried out into the channel affecting the i‘low in the right
one-half of the approach channel.

Wing Wall F—Vertical Wall on Elliptical Curve, 25-Foot Upstream Radius

Upon completion of the study of Wing Wall E, a modification
of Wing Wall D seemed to be the logical solution of this problem. A
140~foot-radius arc, tangent to the training wall at the upstream face
of the flood-flow crest, was extended approximately 107 feet upstream.
A 1357, 25-foot~radius arc, tangent to the 140-foot-radius arc, ex-
tended the wall back to intersect with the face of the dam. A small
concrete retaining wall was placed at the outer end of the wing wall
with its base at elevation 2360 and its top sloping from elevation 2380
at the wing wall to elevation 2360 at its outer end. Its purpose was
to retain the upstream face of the dam where it intersected the wing
wall. This wing wall design proved to be the most satisfactory tested
thus far, but there was still an excess of turbulence at the upstream
end which extended to about the middle of the wall and approximately
10 feet into the channel. To eliminate as much of this disturbance as
possible, a false wall was placed in the eddy area along the original
curve. It was found that the resulting wing wall, Figure 9F, had co-
ordinates approximating the equation of an ellipse. Figure 13 shows
the flow in the channel for this design.

Wing Wall G—-Vertical Wall of Cirecular Ares, 20-Foot Upstream Radius

Wing Wall Design F was altered when it was found that foun-
dation conditions were not satisfactory. The resulting Wing Wall G




is shown in Figure 9G., This wall was formed by the use of circular arcs
which approximated the elliptical curve of Wall F. A 20-foot radius in-
stead of a 25~foot-radius curve at the upstream end reduced the distance
from dam to the upstream extremity of the wall by approximately 5 feet.
The upstream end of the wall sloped from elevation 2410 to elevation
2390 in approximately 50 feet. The space behind the wing wall was filled
to elevation 2407, leaving the top 3 feet of the wall extending above
the f£il1l to form a parapet. The small wall for retaining the upstream
face of the dam was similar to that used with Wing Wall Design F.

Surface disturbance along the channel side of the wall re-
mained essentially the same as that found for Wing Wall F. An increased
disturbance resulted from the water pouring over the top of the sloped
portion of the wall at the upstream end, as shown in Figure 14. If this
design were used, it would be desirable to riprap the 2:1 slope behind
the end of the wall to prevent erosion in this area.

Wing Wall H—Recommended Design-—Vertical Wall of Circular Ares, 20-Foot
Upstream Radius

A final change was made in the wing wall (Design H, Figure 9H)
when the top of the 20-foot-radius section of wall at the upstream end
was maintained at elevation 2410. This revision eliminated the sloped
portion of the wall and thus prevented the overflow that occurred in
Design G. Good flow conditions were obtained in the channel (Figure 15)
and the design was recommended for Medicine Creek spillway.

Flow Conditions in_ the Approach Channel--Recommended Desisgn

With the completion of the studies on Wing Wall Design H, the
approach channel and crests shown in Figures 15A and 16A were considered
to be hydraulically acceptable. Further. studies were made to record op-
erational characteristics, such as water-~surface profile, pressures on
the crests, and flow capacity of the spillway.

Figure 17A shows the water-surface profile on a developed
length of Wing Wall H. 'The slight surface depression noted at the up-
stream end was not considered objectionable.

Figure 17B shows the water-surface profile for the left side
of ‘the spillway. The approach on the left side was the same as the orig-
inal design which was considered satisfactory. There was very little
turbulence with this wall because the water approached parallel to the
spillway center line with a uniform increase in velocity.

Flow Conditions at the Crest--Recommended Desien

Transverse surface profiles were taken at two stations -across
the spillway crest as shown in Figure 17C. The first corresponding to
the end of the piers or Station A, the second, at the point of tangency
of the lower part of the crest and spillway chute, or Station B. The




surface profile at A, for the water flowing between the piers, varied
approximately 4 feet from the highest point in water surface to the
lowest. The contractions at the leading edges of the piers accounted
for some of this variation while the approach conditions caused slight
rises in the water surface at the left and right ends of the spillway
crest. A vortex-like swirling disturbance occurred on the surface at

a point coineiding with the intersection of the upstream face of the
spillway at each training wall for all wing wall designs. That on

the left was slight, while thaton the right was larger but not objec-
tionable. This disturbance passed over the crest and down into the
chute; the effect being shown in the raised water surface at each end

of the crest (Figures 16B and 17). The cause of this action was be-
lieved to be the result of the complex currents at the intersections of
the walls with the crest; and the disturbance was eliminated when gravel
fillets were placed in the corners made by the approach floor, the train-
ing wall and the spillway face. Observations of the pressure conditions
on both the flood- and normal-flow crests showed that the pressures were
positive for all discharges.

Water-Surface Profile on Piers

Other water-surface profiles were taken on each side of the
four piers, Figure 18. These profiles indicate good flow distribution
at the crest and no objectionable angularity in the approaching flow.

Flow Conditions Below Crest Piers--Recommended Design

At Station B; the surface profile reflects the interference
as water from adjacent crest sections flows together behind the piers.
This interference is shown in the form of small peaks in the water sur-
face downstream of Piers 1 and 4 (Figures 16B and 17C). Tests on other
similar structures indicate that these peaks could be reduced by stream-
lining the downstream end of the crest piers so no tests were made for
the Medicine Creek spillway. From the base of these pesaks toward the
center of the spillway, the depth of the water increased to a maximm of
1, feet at the center as a result of the spreading action of the water
emerging froin the low normal-flow crest section.

Capacity of Recommended Design

The discharge capacity curves of Figure 19 are for the recom-
mended spillway design shown in Figure 8. The capacity was the same as
that obtained for the same crest with Wing Wall Designs F and G.

The capacity of the normal-flow crest section with the reser-

voir at elevation 2386.2 was 3,770 cfs or slightly less than for the
- original design. This difference was attributed teo the changing of the
upstream face of the crest from vertical to approximately a 1l:1 slope to
eliminate the negative pressures found on the original design. The ca~
pacity of the splllway with the reservoir at elevation 2408.9 was 99,700

cfs.
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FIGURE 2
Hyd. Report 279

Approach Channel Original Design
Discharge 0 second-feet

B. Spillwey Orizinal Design
Dischaxrge ¢ » cond-feet

1:60 MODEL OF ORIGINAL DESIGN
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FIGURE 3
Hyd. Report 279

Wave Height-Right Training Wall
1 minute operation at discharge 139,000 second-feet

B.

Wave Helght-Left Training Wall
1 minute operation at discharge 139,000 second-feet

STILLING BASIN WAVE HEIGHT
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FIGURE 5
Hyd. Report 279

Spillway Original Design
Discharge 139,000 second-feet

Spiliway Original Desilgn
Discharge 75,000 second-feet

SPILLWAY-DISCHARGE OF 139,000 AND 75,000 CFS




FIGURE 6
Hyd. Report 279

Approach Channel Original Design
Discharge 139,000 second-feet

Avproach Channsl Original Design
Discharge 75,000 second-feet

~DISCEARGE OF '139,000 AND 75,000 CFS




. FIGURE 7T
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A. VWing Wall C-Modified Spillway Design
Discharge 0 second-feet

B. Wing Wall C-Modified Spiliway Design
Discharge 60,000 second-feet

= C. Wing Wall C-Modified Spillway Design
L Discharge 97,800 second-feet

FLOW CONDITIORS FOR WING WALL C
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A. VWing Wall D-Modified Spillwmy Design
Discharge 0 second-feet

B. Wing Wall D-Modified Splllway Design
Discharge 60,000 sscond-feet

C. Wing Wall D-Modifiled Splliway Design
Discharge 97,800 second-feet

FLOW CONDITIONS FOR WING WALL D
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A. Wing Wall E-Modified Splliway Deslgn
Discharge 0 second-feet

Wing Wall E-Modified Spillway Design
Discharge 60,000 second-feet

Wing Wall E-Modlfied Spillway Design
Discharge 97.800 second-feet

FLOW CONDITIONS FOR WING WALL E
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Wing Wall F-Modified Spillway Design
Discharge 0 second-feet

B. Wing Wall F-Modified Spillway Design
Discharge 60,000 second-feet

Wing Wall F-Modified Spillway Design
Discharge 97,800 second-feet

FLOW CONDITIONS FOR WING WALL F
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Wing Wall G-Modified Splllway Design
Discharge 0 second-Peet

B, Ving Wall G-Modified Spillway Design
Discharge 60,000 second-feet

C. Wing Wall G-Modif led Spil.l.way Design
Dischargs 97,800 second-feet

FLOW CONDITIONS FOR WING WAIL G
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Wing Wall H-Modified Splllway Design
Discharge O second-feet

Wing Wall H-Modlfled Splllway Design
Discharge 60,000 second-feet

Wing Wall H-Modified Spillway Design
Discharge 97,800 second-feet

FLOW CONDITIONS FOR WING WALL H




A. Bplllway Crests Recommended Design
Discharge 0 second-feet

Spillwey Crests Recommended Design
Discharge 97,800 sacond-feet

SPILLWAY CREST RECOMMENDED DESIGN
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